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operations on atomic types
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o C++11IMERERRHAIRFEE
o RFRBIZIFHRIE
o WfAIERXERENZIBIREES
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This is quite complex: unless you're planning on writing code that uses the
atomic operations for synchronization (such as the lock-free data structures in
chapter 7), you won'’t need to know these details.

5.1 Memory model basic
N RE M ER D 2H AL



o ZEMJERSN(structural), ¥I{A(things)AAIEENEFH/F

e [EW &R/ (concurrency)

5.1.1 Objects and memory locations

C++EEFHTHBELIRMSANREAR . XNMHRHFZENTEFEOO(Object Oriented)FriEt i
&R, XM RBEUTRA:

o C++IMERBNRTENA“—REFMXIE" ("aregin of storage")

o WRADIZEMIR, Mint, double®; tHAILIEZAFEXHZER

o WRATUEEFIK(subobject)

o WREFHE—IHLZIMAFME (memory locations)

o BALHE (bitfields) i, EfEBARNNER, BIHERAR—RANELE
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struct my data

|
int i;
double d; BDE3
unsigned bfl:10; | e |
int bf2:25;
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int bf3:0; —> 4
int bf4:9;

int i2;

char cl,c2;
std::string s;

|Memory Locatioﬂ

M EET B HAERESR:

—MEE, HE—THR

MHREDHEET —RAFULE

o EMZER, fMintSHchar, HEETHRERE—RAFMLL, EMEE(EBEE

o MBS ER—RAFMI (5, TEFbRBIELIADFF, LLELET —RECHAR
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5.1.2 Objects, memory locations, and concurrency

B0 T BNV FRNBE—RAEE, FARREOE—MAERTERE, HRED
B MMERRETFIN, XHMRESHSEREXITH,

5.1.3 Modification orders

5.2 Atomic operations and types in C++

5.2.1 The standard atomic type
&R T ERRRTFER:
e atomic_flag

e atomic<>t&EHR

5.2.2 Operations on std::atomic_flag
atomic_flagFasRFR T /RER, BRI LR

std::atomic_flag f = ATOMIC_FLAG_INIT;

CEMERTFEEF, BE—PERIMIBUEATRNEE, ANEEEE—RIESERRKT
B (lock-free) HISKIMHYSERL,

atomic_flagld R X FHIRIER

e destory, TR

M2

e clear, clear()R AT

M

e set, test_and_set()s 5%

ANTEAHEEH T @ atomic_flagSRIIRI B HES (spinlock)



#include <atomic>

class spinlock_mutex

{
public:
spinlock_mutex(): flag(ATOMIC_FLAG_INIT) {}

void lock()

{
while (flag.test_and_set()) {}

}

void unlock()

{
flag.clear(Q);

}

private:
std: :atomic_flag flag;
};

mbAh, SiREtest_and_set().

atomic_flagh/ERMERE, HTAXFNMEXRESHNE IR (nonmodifying query
operation) , EELEENBANARERFER, Fitt, HITTENBHatomicER,

5.2.3 Operations on std::atomic<bool>
atomic<>Hlatomic_flag—#¥, B HENWEMNBoTERE, REARKEIEERNNET:
e store

e |oad

e exchange
atomicFJBERNR L HIRY, FILLEMis_lock_free()Bk 5 ERE A o

STORING A NEW VALUE (OR NOT) DEPENDING ON THE CURRENT VALUE

atomic.compare_exchange_weak(expected, value);

EREEEHNE XA
e FHatomicHI{ES expectedtI{BEHE, HBZatomic = value, iR[Eltrue

e X2, expected = value, iR [Elfalse

B, XFILFREcompare-and-exchangeiECHICPUM S, X HREUGHEEIEM % 5CPU


http://www.cplusplus.com/reference/atomic/atomic_flag/test_and_set/

B, AXEESENTHERES, SERARRE, BBAXNREEHITRK, XMERE
¥RAspurious failure. 9 NXXFIESR, ERAIBRIHS:

bool expected = false;
extern atomic<bool> b;
while (! b.compare_exchange_weak(expteced, true) && !expected) {}

5.2.4 Operations on std::atomic<T*>: pointer arithmetic
B & TRERBRESatomictBl, EAER,

5.2.5 Operations on standard atomic integral types
5.2.6 The std::atomic<> primary class templates
5.2.7 Free functions for atoimc operations

5.3 Synchronizing operations and enforcing ordering
BT —NEBEENRG, AXKS|Hhappen-beforeflsynchronized-withx %,

5.3.1 The synchronizes-with relationship

ABEMREFEENIRIE, 74 8E5] Asynchronizes-withk F,

FILUERMRIE, XIZAS (store) TR FEHIEX, LIEBE(store) T R F#IEX, IR AABIEITEHE
synchronizes-with <%,

5.3.2 The happens-before relationship

happens-before

I FERERERF, MRBIEATEIRIEBZAT (sequence before) , BBAA also happens-before
B.

—R&RIE, E—statementN & A MoperationsH;& B happens-beforex %, EATRAERNT
HHRTEN, —ER6IE, ESRANT—LARNH L #/EABRIM A\ statement.

LR, —PstatementNHIFTEIRIEAs, EXHiE T HKstatementNHFTE#1EBs, #EH
happens-beforex %,

inter-thread happens-before

W F AR, MRAIEP1HRRIEA inter-thread happens-before X 12P2 IR 1EB,
A happens-before B.

FHIAA, inter-thread happens-beforefITE X A : EHIE{EA synchronizes-with ##1E B, BBAA
inter-thread happens-before B.

inter-thread happens-before’5sequenced-beforeBi T Xk A



e A is sequenced before B, B inter-thread happens-before C, ABAA inter-thread
happens-before C.

inter-thread happens-before EH &% 1%,

5.3.3 Memory ordering of atomic operations

NBTFENNERNERAS, #ETSEESE,


http://en.cppreference.com/w/cpp/atomic/memory_order

